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Change in vegetation coverage and its relationships with climatic factors in

temperate steppe, Inner Mongolia
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Abstract; Vegetation coverage is an important physiological parameter for describing the growing status of vegetation, and
plays a key role in some ecological processes such as evapotranspiration, soil erosion, and photosynthesis etc. So vegetation
coverage is considered to be an important indicator of ecosystem change. In this paper, the temperate steppe of Inner
Mongolia was chose as study area, and following two questions were brought forward and expected to be solved: (a) how
were the changes in vegetation coverage happened temporally and spatially? (b) What kinds of relationships exist between
vegetation coverage changes and some climatic factors, including air temperature and precipitation? In order to understand
these two questions, the NDVI product images of NOAA/AVHRR were used to calculate vegetation coverage in temperate
steppe of Inner Mongolia from 1982 to 1999, and then correlation coefficients between vegetation coverage and climate
factors were calculated. Climatic factors were combined into different patterns based on the observed time periods and time
lags for finding out the temporal responses of vegetation coverage to climate fluctuation or change. The main findings were as
follows; (a) Increasing trend of vegetation coverage in whole study area is clearly during last 18 years. The vegetation
coverage in 72% of total area has been increased during last 18 years, and the most obvious increase was occurred in the
typical steppe areas among three types of steppe; (b) The average vegetation coverage of growing season and monthly
vegetation coverage have positive correlation with precipitation, and negative correlation with temperature. The impacts of
precipitation on vegetation coverage show in time-delay and cumulative effects. (c¢) The sensitivities of vegetation coverage
to climate factors were different among three kinds of steppes, and vegetation coverage was most strongly related to climate

factors in desert steppe.
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Table 1 Location of weather stations corresponding to different steppe types

i S S A s i
Steppe types No. Weather stations Longitude Latitude
Hi4H) B J;R Meadow steppe 1 ER=EEy 3 120°54'E 44°34'N
2 P S BRI 117°36'E 44°35'N
3 WERLIR 119°45'E 49°13'N
4 B 22 122°03'E 46°05'N
MY ELJF typical steppe 5 B R E A 118°16'E 48°13'N
6 BELR R 116°49'E 48°40'N
7 KLY BRBIDE 116°58'E 45°31'N
8 o L V7 114°57'E 44°01'N
FE HLJF Desert steppe 9 WA= FE % 114°09'E 44°37'N
10 RHEF 112°54'E 42°24'N
11 T 111°58'E 43°39'N
12 WAL 110°08'E 42°32'N
1.2 BdEskiR

¥HT NOAA AVHRR ) NDVI 1%, B8] 2 1982 4—1999 4F % FH & K AH & % ( Maximum Value
Composites, MVC) 4= Ji ) 7 A $ 45", 43 #8 R 2 8km, S [ 3 [ i BR ¥ P L3 & 4t ( Earth resources
observation system, EROS ) %4 o0 FOFRBE B 508 P o 18U FEAE 2 5r ) AR v X2 AR b AT A 3, B G KK
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Fig. 1 Study area and locations of weather stations
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Table 2 Different combinations of Meteorological factors

e SRHT B HK W
Vegetation coverage( VC) Meteorological factors Time lag  Precipitation code Temperature code
BAEEKT(4—9 ) FHHE BHEERKRFBRBIEKRRG— AR) 0 Pg0 Tg0
Average coverage of annual BAEARKZHT— H oK SR (3—8 H ) 1 Pgl Tgl
growing season (April to BAEARZERIHH oK SR (22— H65) 2 Pg2 Tg2
September) AR KR (4.5 A6) - Pgi Tgi

AR ZERREK RIR6.7 A6 - Pgm Tgm
AR ZEIREK RIR (8.9 A4 - Pl Tel
AR K RIR(12.1.2 A6) - Pgw Tgw
FI4EHEZRK V(345 AG) - Pgsp Tgsp
[F4EE 2Rk VKR (6.7.8 HA) - Pgsu Tgsu
BB A PR BAEZ A FIMIFEK R 0 Pm0 Tm0
Average coverage of each BAERT 1 N H A KIR 1 Pml Tml
month in growing season BAERT 2 MK KB 2 Pm2 Tm2
BAEAH KT 1A B VR 0+1 Pm01 Tm01
BAERHT 1A KET2 A H FBIRK 1+2 Pm12 Tm12
3 BRESW

3.1 R RO A B S () A

Bl 2 Dt 5e s 1] P S R XA PP 2 I ZS [ AR Ol o 5 B2 ARV FEIAE 1. 1% £ 89. 8% Z [i]
PRI 22 DY R R AR, o 1L ) BT R 22 0 WG Uy ) e Ji, e R ) B P o7 3 B8 PR S B i, P 0 L
BB XA S BE M A TR RME S B/ MEZ ] o S0 A7 45 435 8 P 53t IX AR 07K AR A DG T P 3T By 20
fia s —B.
3.2 RWERAERFEYEEFRERE

Bl 3 AR 3 & 1982—1999 4[] 47 2 Ji DX AR 91 399 3 BE B AR AR ARG O o R HT 55 U 9 3 2 BE{EL A
44.5% , B RAEHBUAE 1994 4F, 0 46. 7% , e/ IMEHBUAE 1986 47, Oy 40. 4% ;80 AU 5 BE A9 28 A R B2 45
R, AFPREZESRIZY, T 90 AFAEE BE M AR BN 52 o B MR B e 3 i o IR S B 4 3 BE 2 /N 9 _E T
g, Forh SR JRURE 3 R ISR v 3 AR S N S PR o AR TR B AR E 22 BN, B A 3R B AR
BBV, BB

£3 HEHEHEERX 1982—1999 FREEFHEETUER
Table 3 Vegetation coverage changes in temperate steppe, meadow steppe, typical steppe and desert steppe, Inner Mongolia, 1982—1999

] Vegetation Coverage

HLJRIAL Steppe type R/ % H/ME/ % 1t/ % FRE RAEBA RER
Max Min Mean Standard deviation Slope

Hifa) K i Meadow steppe 68.5 59.5 65.2 0.022 0.0014

ML 7Y 75 JF Typical steppe 47.7 40.2 4.7 0.024 0.0018

FE HLJF Desert steppe 22.7 17.2 20.1 0.015 0. 0006

1R H7 B Temperate steppe 46.7 40.4 44.5 0.019 0.0015
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Fig. 2 Distribution of vegetation coverage in steppe, Inner Mongolia,1982—1999
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Table 4 Areas of vegetation coverage changes in temperate steppe from 1982 to 1999, Inner Mongolia

B Vegetation coverage

! ; 7>
AT, BIMMEAR o vmm mowR AR TR
B Areas of VC ) B Areas of VC [ BEFR
¥ 2K A Steppe type Areas of VC R . Ratio of Areas of VC X X
increased Ratio of total ~ increased votal decreased Ratio of decreased Ratio of
/ (k) area/ % significantly o /;:ea em? total area/%  significantly  total area
0
" /(km?) m e
Hifa) B )R Meadow steppe 174720 72.4 48640 20.2 66624 27.6 9152 3.8
HLAYELJF Typical steppe 286912 76.2 101376 26.9 89792 23.8 12416 3.3
FEEEFLJR Desert steppe 135936 64.4 12928 6.1 75008 35.6 1536 0.7
V7 B Temperate steppe 597568 72.1 162944 19.7 231424 27.9 23104 2.8
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Fig. 3 Vegetation coverage changes in temperate steppe, meadow steppe, typical steppe and desert steppe, Inner Mongolia, 1982—1999
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Table 5 Correlation coefficients of Precipitation and average vegetation coverage during growing season in temperate steppe, Inner Mongolia
B JFIEAY Steppe type Pg0 Pgl P2 Pgi Pgm Pgl Pgw Pgsp Pgsu
Hi4a) L ;i Meadow steppe 0.165 0.144 0.238* 0.175 0.218* -0.061 0.195 0.170 0.119
WA EL R Typical steppe 0.529**  0.511** 0.452** 0.005 0.508 ** 0.387 ** -0.061 -0.007 0.547 **
TR BLJF Desert steppe 0.754** 0.722** 0.679**  0.253* 0.681** 0.433** 0.058 0.220* 0.721**
177 B ) Temperate steppe 0.646** 0.613** 0.617**  0.411*" 0.594*" 0.403** 0.186** 0.414** 0.587 **

% ;P<0.05 % %; P<0.01

M5 T LAE BRI A KR P S48 P B X K+ Uk, 5 & MoK A & ¥ 2 3L AR
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Fig. 4 The Spatial distribution pattern of temperate steppe vegetation coverage during growing season from 1982 to 1999, Inner Mongolia

F6 ARG EFERRERFIENZESKEEXRY
Table 6 Correlation coefficients of temperature and average vegetation coverage during growing season in temperate steppe, Inner Mongolia

B JFEH Steppe type Tg0 Tgl T2 Tgi Tgm Tgl Tgw Tgsp Tgsu
P47 B 5 Meadow steppe 0.025 -0.204* -0.220* -0.160 -0.133 -0.135 -0.134 -0.216* -0.157
70 5 B Typical steppe -0.403** -0.119  -0.017 0.032  -0.018 -0.052 0.114 -0.062 -0.110
FEPIEL JFT Desert steppe -0.908** -0.778** -0.699** -0.086 -0.180 -0.427** -0.092 -0.656** -0.780**
ELH7 25 [T Temperate steppe -0.416** -0.305** -0.292**  0.039 -0.143** -0.457** -0.026 -0.257** -0.311**

% ;P<0.05 = % P<0.01
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-0.908, AERZFFHHHRSEFREFRATEHAG TP SREARERKH . FelR X K0 5&
PFBE2E K T RAE AR R A R R 7, TR s B IR N TSR IS A a2 R, RO T ML R A K R it BT
UEEpilI 8

SRR B R R B A R A 5 S IR PEAS B3 U B R R ECED T B & PR

o PIRRE RSB 7K 7 A A0 T e B 5, e B X AL R P ZK 2 B M A B e i B JR B A, TR e i
B EBA R H RS
3.6 ARKFZEAVFHEESIRHETHHELIHT
®TERS AERFZAFHHRESIREATHRITHER .
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Table 7 Correlation coefficients of precipitation and monthly average vegetation coverage in temperate steppe, Inner Mongolia

B JFKT Steppe type J 4 Month Pm0 Pm1 Pm2 Pm01 Pm12
Hi4H) B J;R Meadow steppe 4 0.332** -0.185 -0.156 0.287** -0.235*
5 -0.060 0.127 -0.211* 0.015 0.070
6 -0.093 0.128 0.135 -0.028 0.170
7 0.076 0.150 0.070 0.122 0. 169
8 0.254* 0.458 ** 0.347** 0.468 ** 0.503 **
9 0.126 0.400 ** 0.376 ** 0.410** 0.485**
ML 7Y 75 JF Typical steppe 4 0.056 -0.126 -0.094 -0.033 -0.131
5 0.022 0.090 —-0.196 0.056 -0.049
6 0.082 0.290 ** 0.190 0.213** 0.328 **
7 0.448 ** 0.167 0.012 0.451** 0.128
8 0.410** 0.586 ** 0. 046 0.606 ** 0.509 **
9 0.257* 0.505 ** 0.519** 0.534** 0.627 **
FE HLJF Desert steppe 4 0.156 -0.086 0.091 0.075 -0.023
5 0.340** 0.290 ** -0.012 0.385** 0.235**
6 0.419** 0.508 ** 0.230 * 0.609 ** 0.497 **
7 0.538** 0.571** 0.316** 0.700 ** 0.631**
8 0.379** 0.766 ** 0.365** 0.757** 0.806 **
9 0.130 0.616** 0.572** 0.638** 0.772**
1R B Temperate steppe 4 0.316 -0.030 -0.047 0.247 ** -0.042
5 0.307 ** 0.293 ** 0.003 0.375** 0.243 **
6 0.399 ** 0.418** 0.308 ** 0.508 ** 0.471**
7 0.488** 0.501 ** 0.343 ** 0.578 ** 0.558 **
8 0.354** 0.592** 0.492** 0.598 ** 0.653 **
9 0.408 ** 0.443** 0.546 ** 0.536** 0.615**

* P<0.05; = = P<0.01

RTERP BB ERAERTZARESHKMRERE . B £ R TR, 55 B K &
THURR, ELIN i P OR R ., A R 36 B 5 A4 A Bk AR SR PR B , T Fh J5 39 B — H K 5 25 B AR G M A
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TK BRI 5K 2R B, 3R B KK v 2 BE S 77 B . ) SRR

o) R AR K 2 SR O B K R . 8.9 AR BE A0 SR 1 H RO (R 2 A K3 B A
SR, HART 1A A BREK -5 25 BEAR MR s S 2 S A B RBRFEK B SC PR35 T 5 B A K BAR 3¢
M, RPN ; 51T 2 ARKEARMER T 54 A & LA Bk SRS, R T B3 M.
AR P SRR R AR,

BN Je A K 2 o 5 A AE R R BE S B K U AT A B0 9 A 6y, SR B AR R PR BGR I 4 3 A
HETLASA KT 2 A A BRIk 2 BB A K5, W X AL A i 2 S0 X i 200 B B 5 K F) R
BUES T &5 I 00 B B 3 IEAR R, R KR 5 8 A K AR R B E, RPN B .

i 58 B SRR A R ZoAE B B X MK S R B B O SRR . AR R A 04 5 B 5 A /K A o6
PEBOR, I 5 333 32 i ) 2 Bt S5 2 B B RO, o K G R ARMEL A e BE R W SE O (.2 B 4 A b,
HoAb A AR S 2 A Bk RPERACHEEE D T 8% £ R F0 A, 4 A & b A Bk
X S BE PR BB 5, A F 9 i B X T A4 A ek SE A URR

8 R EWHFAERSZH RESZEAREE AR ER , BHERERE/NT SRR, BA
FE B 0 B B e P A SR AR o X U B 55 KA B, s BER QR BN BURR , BRI R P 5
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Table 8 Correlation coefficients of temperature and monthly average vegetation coverage in temperate steppe, Inner Mongolia

B JFIEAY Steppe type H 43 Month Tm0 Tml Tm2 Tm01 Tm12
Hi4H) B J;R Meadow steppe 4 0.161 0.198* 0.106 0.165 0.197*
5 -0.059 -0.261 * -0.305** -0.177 -0.309 **
6 -0.430** -0.394** -0.516** -0.456 ** -0.484**
7 -0.320** -0.302** -0.283** -0.326** -0.324**
8 0.218 ** 0.281** 0.297 ** 0.265* 0.303 **
9 0.285** 0.135 0.144 0.226* 0.148
Y JE Typical steppe 4 0.056 0.111 ~0.041 -0.001 0.113
5 0.014 -0.297** -0.400 ** -0.221* -0.450**
6 -0.160 0.111 -0.116 -0.053 0.053
7 0.042 -0.099 0.125 -0.005 0.012
8 -0.314 -0.030 0.001 -0.213* 0.001
9 0.302** -0.337** -0.007 -0.039 -0.211*
TR EL R Desert steppe 4 -0.531** -0.485** -0.555** -0.588 ** -0.553**
5 -0.623** -0.415** -0.568 ** -0.561** -0.584**
6 -0.683** -0.516** -0.365** -0.665** -0.479**
7 -0.671** -0.697 ** -0.603 ** -0.723** -0.722**
8 -0.691** -0.615** -0.579** -0.705** -0.631**
9 -0.435** -0.772** -0.614** -0.718 ** -0.748 **
1R H7 B Temperate steppe 4 -0.099 -0.081 -0.165** -0.098 -0.133*
5 -0.224** -0.243** -0.331** -0.262** -0.329**
6 -0.344** -0.250** -0.235** -0.345** -0.270**
7 -0.307 ** -0.281** -0.221** -0.318** -0.291**
8 -0.203 ** -0.242** -0.183** -0.251** -0.232**
9 -0.180** -0.272** -0.283** -0.255** -0.309 **

* ;P<0.05 % %, P<0.01

FEAEFAERKSES.6.7 AMEREEE S TREIH FAHSICR , B 5 ) 5 R K iR 5A R 2 241
T R E, B R 0 iz e AT sl A ML PR R K B, DR U — RE R BE L ) T A 9 i BE P38 e T )
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(2) BB E A 72% WA XA A T, 19. 7% T AR DX K B, S8 5 R0
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